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ABSTRACT: A detector system for use as a gamma ( γ ) veto in the volume of the high field of 
the sweeping magnet of the KOPIO experiment at BNL is presented here. A laminar design of 
alternating 5 mm plastic scintillator tiles and 2.54 mm Pb sheets was used. The scintillator 
signals were readout on both ends by embedded Kuraray Y11-200 multi-clad wave-shifting 
1 mm × 19 fibers/tile (WSF). The calibration of the detectors through the single photo-electron 
(spe) peak of the photomultiplier tubes (PMTs) and the light attenuation measurements of the 
fibers were performed using a commercial light emitting diode (LED, blue 465 nm) pulsed with 
30 ns pulses at 1kHz. Absolute light yield of a single tile averaged 60 pe per minimum ionizing 
particle (mip) from cosmic rays. An assembly of 10 scintillator layers combined with nine Pb 
layers yielded ~400 pe/mip. Light intensity attenuation of about 1 dB/m allows the embedded 
fibers to be extended to lengths of more than 6 m in order to carry the detector signal to PMTs 
outside the magnetic field, thus simplifying the readout. 

KEYWORDS: Photon detectors for UV, visible and IR photons (vacuum) (photomultipliers, 
HPDs, others); Large detector systems for particle and astroparticle physics; Gamma detectors 
(scintillators, CZT, HPG, HgI etc). 
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1. Introduction 

The KOPIO experiment was one experiment of the Rare Symmetry Violating Processes (RSVP) 
project. Although the project was canceled by the USA National Science Foundation in 2006 
due to cost, the experimental design was previously accepted and was to be run at the 
Alternating Gradient Synchrotron (AGS) accelerator of the Brookhaven National Laboratory 
[1]. Its goal was to produce a neutral KL

 beam of sufficient intensity to measure the branching 
ratio (BR) of the rare decay KL →π0 ν ν , in search of valuable insight about CP violation and 
flavor mixing in the Standard Model (SM). It is a 3-body decay, however, the only observables 
are the 2gammas from the π0 decay. The experiment aimed for a 10% measurement of the CP 
violating phase of the SM. A proton beam, resonantly extracted into micro-bunches with RMS 
widths of about 200 ps every 40 ns, would create KL at a platinum target. The times and 
directions of photons from the π0 decay would be observed in the preradiator-calorimeter 
combination of the detector (figure 1). They could be used to reconstruct the decay vertex 
position and determine the precise formation time and momentum of the KL. Every other decay 
is considered a background and must be vetoed. The decay of interest has an expected BR of 
3 × 10-11 of all the KL decays out of which 34% of the time there is at least one π0 that can fake 
the two gamma-rays signature. A very efficient and hermetic veto system is essential in the face 
of this enormous background. The coverage of the charged particle and γ -veto system had to be 

extended everywhere even through the high field of a sweeping magnet.  
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The γ -vetos in the area of the magnet were designed as alternating layers of scintillator 

tile and Pb sheets. The tiles would be read out from each end with WSFs. Modules would be 
2 m long and contain 21 tiles sandwiching 20 layers of lead. Eighty such modules arranged on 
all four sides around the beam pipe would be placed in rough vacuum. They would cover a 
length of 3.5 m of the magnet�s field along the beam direction. 

Although the KOPIO experiment will not use this technology, many other current 
experiments adopt the layered tile scintillator-Pb with WSF readout to cover economically large 
areas in a set-up. Therefore, we present here a description of the performance of two small 
prototypes for the γ -ray veto-detectors that can operate in the harsh environments of high 

magnetic fields and vacuum and can easily be adapted for the needs of any similar experiment. 

2. Prototype design 

The scintillator tiles used in the prototypes are of dimension 50 cm × 15 cm and 5 mm thick are 
extruded polystyrene with white reflective paint etched on their surface [2]. The light yield is 
about 80% of that from Bicron BC408 scintillator. The necessary density of grooves per tile as 
well as their cut profile has been investigated previously [3]. Here there are 19 grooves per tile, 
spaced about 7 mm apart, with a simple U-channel profile for seating 1 mm diameter OD fibers 
running parallel to the long direction. Kuraray Y11-200 multi-clad WSF absorb in the blue 
region of the visual spectrum and re-emit in the green above 500 nm. Fibers of length 1.3 m 
were seated glued in the grooves with optical epoxy (Bicron BC60). At both tile ends the fibers 
were gathered together, finely sanded flat to an optical finish and coupled with optical grease to 
PMTs). 

One such tile constituted the �single-tile� prototy pe while an assembly of 10 such 
scintillators combined with nine Pb layers is the � half-size� prototype in this work. 

The PMTs used were the 1 inch (25.4 mm) Burle 83112-511 with the built-in base (the 
new version of the S83062E). The quantum efficiency (QE) is ~25% for λ = 450 nm with a 
photocathode responsivity (PR) of ~94 mA/W and QE ~10% at 550 nm with a PR ~45 mA/W. 
The nominal gain is 2.4 × 106 at 1000 V, and 27 × 106 at 1500 V as the photocathode is 
specifically coated for high gain. A batch of tubes with ratio ~1.2 of the width of the single 
photo-electron (spe) peak over its position with respect to zero [4] (equivalent noise) were used 
as they allowed a clear calibration of the PMTs (figure 2). 

 

Figure 1. An illustration (not in scale) of the main KOPIO detectors. From left to right: Barrel veto, 
Preradiator, Calorimeter, Sweeping Magnet γ -veto. The veto system extends up and downstream from 

these. The vetos atop the beam pipe are not shown for clarity. 
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